We investigate the MiniBooNE recent data on the antineutrino nucleus interaction, using the same theoretical description with the same parameters as in previous works on neutrino interactions. The double differential quasielastic cross section, which is free from the energy reconstruction problem, is well reproduced by our model once the multinucleon excitations are incorporated. A similar agreement is achieved for the Q 2 distribution.
I. INTRODUCTION
The recent publication by the MiniBooNE group of the antineutrino charged-current (CC) quasielastic cross section on 12 C [1] completes the neutrino data [2, 3] allowing a full confrontation of the theoretical descriptions with the experimental data. For neutrinos a successful description of the quasielastic cross section needs the inclusion of the multinucleon component which, in a Cerenkov detector is indistinguishable from the genuine quasielastic part [4] . Its introduction allows a successful reproduction of the data without any modification of the nuclear axial form factor. The aim of the present work is to test our theoretical description in the different situation provided by the antineutrino interaction, keeping on purpose exactly the same parameters of previous works which successfully reproduce the experimental data [4] [5] [6] . The most significant one is the double differential cross section [6] function of two measured quantities, the muon energy and the scattering angle, hence free from the energy reconstruction problem [7] [8] [9] [10] [11] . We briefly summarize the essence of our model which is described in details in [4] and in [5] for antineutrinos. Our description treats the genuine quasielastic cross section in the random phase approximation (RPA) scheme.
For the multinucleon part our treatment is based on the work by Alberico et al. [12] which aims at the description of the (e, e ′ ) transverse response and in particular the filling of the dip between the quasielastic and Delta excitations. Alberico et al. [12] interpreted this filling as originating from the two particle-two hole excitations of the nuclear system by the virtual photon. As for the part which represents the non pionic in medium decay of the Delta, it is taken from the parameterization of Oset et al. [13] . The work of Alberico et al.
concerned exclusively the magnetic response, which, by virtue of the couplings, is of isovector nature. For our work on neutrinos, the important observation is that the longitudinal, or charge response, in (e, e ′ ) scattering instead does not display an evidence for a cross section excess above the quasielastic peak. This is confirmed by the superscaling analysis of electron scattering data [14, 15] . The various components which build the neutrino cross sections are excited by the isovector component of the charge operator, or by the nucleon spin -isospin operators (see Eq.
(1) of [5] ). Motivated by these observations we have introduced the two particle-two hole excitations exclusively in the spin-isospin channels, which is a distinct feature of our description. Due to the axial-vector interference term the spin-isopin contribution weights less for antineutrinos. The consequence is that the multinucleon piece should weight less on the cross section for antineutrinos than for neutrinos. This is not the case in other approaches [16] [17] [18] [19] [20] [21] . The model closest in spirit to our treatment is the one of Bodek et al. [22] characterized by a modification of the magnetic form factor so as to account for the observed excess in the dip region of the magnetic response. For a comparison between theoretical approaches see for example [23] .
II. ANALYSIS OF THE CROSS SECTIONS
We first remind the expression of the double differential cross section which applies for neutrino as well as for antineutrino. For a given "quasielastic" event the muon energy E µ (or kinetic energy T µ ) and its emission angle θ are measured while the neutrino energy E ν is unknown. The expression of the double differential cross section in terms of the measured quantity is
In the numerical evaluations we use the antineutrino flux Φ(E ν ) from Ref.
[1]. As in our work [6] we have applied relativistic corrections to the nuclear responses.
The results of the double differential cross section are displayed in cross section falls more rapidly with angle than the neutrino one (compare with Fig. 9 of [6] ). This also reflects in the Q 2 distribution which peaks at smaller Q 2 values than the neutrino one. The double differential cross sections as a function of T µ for 0.8 <cosθ <0.9
is displayed in Fig. 4 . It manifests the same systematical underevaluation trend. We have chosen this angle band to be able to compare with the similar curve for neutrinos (Fig. 6 of [6] ). It happens that for this band the theoretical underevalution is the most pronounced (see the corresponding point in Fig. 2 ). As this trend is nevertheless present we may inves- tigate its origin. On a purely theoretical round, we describe the genuine quasielastic cross section in RPA where the repulsive particle-hole interaction has a quenching effect [24] . In Fig. 4 this RPA quenching explicitely appears by comparing the cross sections with and without RPA. We remind that for neutrinos the RPA effect is needed in order to reproduce the double differential cross sections as well as the Q 2 distribution [6] . The only freedom that we have for antineutrinos is then on the RPA effect of the isovector response. It does not affect the neutrino cross sections in view of the small weight of this response. We have then investigated the influence of this RPA suppression in the isovector response. It has no effect for neutrinos and even for antineutrinos it is also too small to produce a significant increase of the cross section. It does not offer an issue for the slight but systematic theoretical underevaluation trend. It seems that this has to be found rather in the data uncertainty which is 17.2%. A reduction of the data by this amount is sufficient to make the agreement Finally we discuss the case of the total cross section as a function of the antineutrino energy. We show it in Fig. 6 together with experimental data. We remind that this experimental quantity is not model independent, contrary to the double differential cross section. Data are given as a function of the reconstructed neutrino energy and not of the genuine one. Hence one deals with an effective cross section which depends on the shape of the (anti)neutrino energy distribution. We have discussed in details the problem of the energy reconstruction in two recent works [7, 8] . Figure 6 shows the influence of the energy reconstruction by comparing the effective cross section with the theoretical one, function of the true neutrino energy. The experimental data are also displayed. As in [8] , reconstruction produces some increase at low energy and lowers the cross section at large ones. We remind that this difference depends on the shape of the flux. Contrary to previous cases, here the error bar on the experimental points includes the renormalization uncertainty. Our theoretical curve is within the error band but on the low side, as expected from the trend of the various differential cross sections. 
III. CONCLUSION
In this work we have investigated in detail the antineutrino -12 C cross sections in connection with MiniBooNE data. Our theoretical approach is, in all the aspects, identical to the one used in our previous works on neutrinos. The most significant quantity is the double differential cross section which does not imply any reconstruction of the antineutrino energy. For this quantity the agreement of our RPA approach with data is good once the np-nh component is included. We have also examined the Q 2 distribution which establishes the necessity of the multinucleon contribution, independently of the RPA quenching. It confirms our first suggestion that there is no need for a change in the axial mass once the multinucleon processes are taken into consideration. In spite of the identity of the inputs, which are the nuclear response functions, for neutrino and antineutrino calculations , we remind that the various responses weight differently in the respective cross sections, generating an asymmetry of the nuclear effects for neutrinos and antineutrinos. This is discussed in details in [5] . We suggested that the antineutrino cross section would offer a crucial test of our nuclear model. The conclusion of the presence investigation is that, after its success in the neutrino case, our model stands quite well the test of the comparison with the recent antineutrino data which are well reproduced by our theoretical description. With a 17%, reduction of the data, compatible with the given normalization uncertainty, an even better agreement, of the same quality as for neutrinos, could be reached. The asymmetry between neutrinos and antineutrinos interactions is important for CP violation effects. We have shown that nuclear effects generate an additional asymmetry. It has been the object of the present work to test, with success, our understanding of this asymmetry.
